We compare the optical spectral types with the X-ray spectral properties for a uniformly selected (sources with fluxes greater than the 3 σ level and above a flux limit of f 2−8 keV > 3.5 × 10 −15 erg cm −2 s −1 ), highly spectroscopically complete (> 80% for f 2−8 keV > 10 −14 erg cm −2 s −1
INTRODUCTION
Starting with the first Chandra observations which resolved the X-ray background (Mushotzky et al. 2000) , ultradeep, small-area (2 Ms CDF-N, Brandt et al. 2001 , Alexander et al. 2003 ; 2 Ms CDF-S, Giacconi et al. 2002 , Luo et al. 2008 ) and intermediate-depth, widerarea (SEXSI, Harrison et al. 2003; CLASXS, Yang et al. 2004 ; AEGIS-X, Nandra et al. 2005 , Laird et al. 2009 ; extended-CDF-S or eCDF-S, Lehmer et al. 2005 , Virani et al. 2006 ChaMP, Kim et al. 2007 ; CLANS, Trouille et al. 2008; COSMOS, Elvis et al. 2009 ) Chandra X-ray surveys have uncovered a substantial population of active galactic nuclei (AGNs) that were not previously identified in optical or soft X-ray surveys, revolutionizing our understanding of accretion onto supermassive black holes. Spectroscopic follow-up is essential for tracing the evolution of X-ray-selected AGNs over cosmic time, and over the years a large number of redshifts have been obtained for all of the above fields. However, the CDF-N Barger et al. 2002; Barger et al. 2003; Trouille et al. 2008 ), 1 Ms CDF-S (Szokoly et al. 2004) , CLASXS Trouille et al. 2008) , and CLANS (Trouille et al. 2008) fields are the most uniformly spectroscopically complete of all of the Chandra surveys to date, and the highquality spectral data in these fields can be used to classify the sources optically. (See Table 1 in Trouille et al. 2008 for a summary of the spectroscopic completeness of the eCDF-S, AEGIS-X, SEXSI, and ChaMP fields and Figure 3 in this paper for the combined completeness of our CDF-N, CLASXS, and CLANS fields.) This is the third paper in our OPTX series, which focuses on the analysis of the X-ray sources in the CDF-N, CLASXS, and CLANS fields. In the first paper (Trouille et al. 2008) we presented a new X-ray catalog for the CLANS field, as well as new (CLANS) and updated (CLASXS, CDF-N) redshift catalogs for the three fields. In the second paper (Yencho et al. 2009) we constructed rest-frame hard X-ray luminosity functions using our three fields, the CDF-S, an ASCA survey (Akiyama et al. 2000) , and the local SWIFT 9-month Burst Alert Telescope (BAT) survey Winter et al. 2008 Winter et al. , 2009 ). Since it is very important to have a physically motivated classification scheme for understanding AGN evolution, in this paper we use our high-quality Deep Imaging Multi-Object Spectrograph (DEIMOS; Faber et al. 2003) data from Keck II to explore the differences between the optical, X-ray, and mixed classification schemes that have been proposed for analyzing Chandra X-ray samples.
As two different groups began carrying out extensive spectroscopy of the ultradeep CDFs and releasing the measurements to the public, it became clear that a consistent optical classification system for these faint Xray sources was needed so that the data could be analyzed together. Szokoly et al. (2004) and Barger et al. (2005) pointed out that it would be problematic to apply classical optical AGN definitions to the faint X-ray sources due to the range of rest-frame wavelengths covered and the varying degree of mixing of the AGN spectrum with the host galaxy spectrum at different redshifts. Moreover, by this time it was already well known that many luminous X-ray sources showed no signatures of AGN activity in their optical spectra (e.g., Barger et al. 2001; Hornschemeier et al. 2001) . Thus, Szokoly et al. (2004) proposed a new optical classification scheme, which Barger et al. (2005) roughly matched by defining the following spectral types: (1) absorbers (ABS; no strong emission lines); (2) star formers (SF; strong Balmer lines and no broad or high-ionization lines); (3) high-excitation sources (HEX; [NeV] , CIV, narrow MgII lines, or strong [OIII] ); and (4) broad-line AGNs (BLAGNs; optical lines having FWHM line widths > 2000 km s −1 ). Although the HEX spectral type largely overlaps the classical Seyfert 2 spectral type, describing the sources as HEX sources helps to avoid confusion with the classical definitions.
X-ray data alone have also long been used to estimate the amount of obscuration between the observer and the nuclear source through the 0.5 − 8 keV spectral slope. Since 2 − 8 keV X-rays will penetrate obscuring material (except in Compton-thick AGNs, where the neutral hydrogen column density, N H , in the line of sight is higher than the inverse Thomson cross section, N H ≃ 1.5 × 10 24 cm −2 ) and 0.5 − 2 keV X-rays will not, in low signal-to-noise data a shallower slope may indicate an obscured source. X-ray spectra can be approximated with a power-law of the form P (E) = AE −Γ eff , where E is the photon energy in keV and A is the normalization factor. (Here we indicate the power law slope as an effective Γ to distinguish it from the intrinsic slope, Γ. Γ eff is not the true Γ unless there is no intrinsic absorption.) Barger et al. (2005) showed that Szokoly et al. (2004) 's choice of 2000 km s −1 as the dividing line between BLAGNs and non-BLAGNs in the optical classification scheme made sense in terms of the X-ray spectral properties, as above 2000 km s −1 almost all of the sources are X-ray soft (Γ ef f = 1.8), whereas below this line width there is a wide span of X-ray colors.
In addition to their optical classification scheme, Szokoly et al. (2004) introduced a classification scheme that follows the unified model for AGNs (Antonucci 1993) and is based solely on the X-ray properties of the sources. In this scheme objects with unabsorbed X-ray luminosities stronger than expected from stellar processes in normal galaxies (i.e., L 0.5−10 keV ≥ 10 42 erg s −1 ) are classified as AGNs, and unabsorbed sources are separated from absorbed sources through the use of a Chandra-specific X-ray hardness ratio, HR=(C hard − C sof t )/(C hard + C sof t ), where C hard and C sof t are the net ACIS-I count rates in the hard (2 − 10 keV) and soft (0.5 − 2 keV) bands, respectively. They chose HR ≤ −0.2 to indicate an unabsorbed source (which they call an X-ray type 1 source) and HR > −0.2 to indicate an absorbed sources (which they call an Xray type 2 source). (Note that this HR is approximately equivalent to, at z = 0, our Γ eff = 1.2.) However, they noted that while an increasing absorption makes a source harder, a higher redshift makes a source softer (the 2 − 10 keV filter samples higher energies which are less affected by obscuring material), which means this approach might incorrectly identify a high-redshift absorbed (X-ray type 2) source as an unabsorbed (X-ray type 1) source. Hasinger et al. (2005) took the classification of X-ray sources one stop further, arguing for a third scheme that is a mix of the above two schemes. This decision was based on their assumption that 'true' BLAGNs may be optically misclassified as non-BLAGNs due to dilution of the AGN light by the host galaxy light, particularly at lower luminosities (Moran et al. 2002; Severgnini et al. 2003; Garcet et al. 2007; Cardamone et al. 2007 ). Thus, according to Hasinger et al. (2005) , the most 'complete' sample of unobscured AGNs is one which includes any object optically classified as a BLAGN, as well as any object satisfying L 0.5−10 keV ≥ 10 42 erg s −1 and HR ≤ −0.2.
Unfortunately, the creation of a classification scheme that mixes optical and X-ray spectral diagnostics requires a thorough understanding of the correspondence betweeen X-ray and optical spectral type. However, it is well known observationally (yet unexplained physically) that ∼ 10 − 30% of AGNs have (1) Xray spectra that show no absorption and (2) optical spectra that suggest obscuration (e.g., Pappa et al. 2001; Panessa & Bassani 2002; Barcons et al. 2003; Georgantopoulos & Zezas 2003; Caccianiga et al. 2004; Corral et al. 2005; Wolter et al. 2005; Mateos et al. 2005; Tozzi et al. 2006 ). The opposite effect, i.e., (1) X-ray spectra that show absorption and (2) optical spectra that suggest no obscuration, has also been observed (e.g., Silverman et al. 2005 found that ∼ 15% of X-ray hard AGNs in ChaMP are BLAGNs; other examples can be found in Comastri et al. 2001; Wilkes et al. 2002; Fiore et al. 2003; Brusa et al. 2003; Akiyama et al. 2003; Silverman et al. 2005; Gallagher et al. 2006; Hall et al. 2006; Tajer et al. 2007) .
Moreover, the assumption that galaxy dilution is causing BLAGNs to be optically misclassified as nonBLAGNs has been called into question by two studies. Barger et al. (2005) used the Hubble Space Telescope Great Observatories Origins Deep Survey North (GOODS-N; Giavalisco et al. 2004 ) data to measure the nuclear UV magnitudes of AGNs in the CDF-N. It is well known that the nuclear UV magnitudes of BLAGNs are strongly correlated with the 0.5 − 2 keV fluxes (e.g., Zamorani et al. 1981) , and, indeed Barger et al. (2005) found that their BLAGNs also showed this correlation. However, they also found that the non-BLAGNs in their sample did not; rather, the UV nuclei of these sources were much weaker relative to their X-ray light than would be expected if they were similar to the BLAGNs. In the second study, Cowie et al. (2009) combined Galaxy Evolution Explorer (GALEX; Martin et al. 2005 ) data with the CDF-N, CLASXS, and CLANS X-ray samples to determine the ionizing flux from z ∼ 1 AGNs. They found that while the BLAGNs in their sample exhibited substantial UV ionizing flux, the non-BLAGNs were UV faint.
Here we use our extensive observations of the CDF-N, CLASXS, and CLANS fields to analyze the optical and X-ray spectral properties of a significant (fluxes > 3σ level), intermediate-depth (f 2−8 keV > 3.5 × 10 −15 erg cm −2 s −1 ) sample of X-ray sources. Due to the need for a large and very complete optical spectroscopic sample, this is the first time that such a compar- ative study has been done. Of particular interest is the relationship between the X-ray spectral properties and the optical spectral properties of X-ray-selected sources and whether such characteristics map each other well enough that they can be merged into a single classification scheme. The structure of the paper is as follows. In Section 2 we describe our X-ray samples. In Section 3 we discuss our spectroscopic completeness and optical classifications and show the redshift distributions by optical spectral type. In Section 4 we compare our optical classifications with the X-ray classifications, and we illustrate the challenges of a mixed classification scheme. In Section 5 we examine in the context of our data the observational obstacles that have been invoked to explain the observed mismatches between X-ray and optical spectral types, and in Section 6 we present our conclusions.
All magnitudes are in the Vega magnitude system. We assume Ω M = 0.3, Ω Λ = 0.7, and H 0 = 70 km s
throughout.
X-RAY DATA
We construct our 2 − 8 keV sample from three different fields in the sky, so known field-to-field variations due to large scale structure are minimized. All three of our fields sample regions of low Galactic HI column density. Both the CLANS and CLASXS fields reside in the Lockman Hole high-latitude region of extremely low Galactic HI column density (5.7 × 10 19 cm −2 ; Lockman et al. 1986 ). The Galactic HI column density along the line of sight to the CDF-N is 1.6 × 10 20 cm −2 (Stark et al. 1992 ). In Table 1 we list the Chandra exposure times, the areas covered, and the 2−8 keV 3 σ flux limits at the pointing centers. Because the CLANS and CLASXS fields are shallower than the CDF-N field, we have limited our study to sources with fluxes greater than the 3 σ flux limit at the pointing center of the 70 ks CLANS pointings (i.e., f 2−8 keV > 3.5 × 10 −15 erg cm −2 s −1 ). We note that although only the central CLASXS pointing is ∼ 70 ks (the other eight are 40 ks), the CLASXS survey was designed to achieve uniform field coverage, and so there is substantial overlap between pointings. Also, since our goal is simply to create a uniform sample of sources above a given flux limit for the purposes of studying their X-ray and optical spectral characteristics, the choice of flux limit will not greatly affect our present results (as opposed to, for example, the impact it would have on determining the number densities).
To construct a significant 2 − 8 keV sample, we additionally only use sources with fluxes greater than the 3 σ level. We determined this by using the 1 σ error bars on the 2 − 8 keV fluxes given in Alexander et al. (2003) , Yang et al. (2004) , and Trouille et al. (2008) for the CDF-N, CLASXS, and CLANS fields, respectively. Hereafter, this paper's "2 − 8 keV sample" consists of 745 X-ray sources selected in the 2 − 8 keV band. Note. -a Units of 10 −15 erg cm −2 s −1 . zspec = 0 and corresponding class = −99, source spectroscopically observed but neither the redshift nor the class could be identified. zspec = −1 and corresponding class = −1, source not yet spectroscopically observed. zspec = −2 and corresponding class = −2, source is a star. class = 0, absorbers; class = 1, star formers; class = 3, high-excitation sources; class = 4, BLAGNs. Trouille et al. (2008) present the details of our spectroscopic observations of the X-ray sources in the CLANS, CLASXS, and CDF-N fields, including how the observations were made, the data reduction process, and the latest redshift catalogs.
We provide a catalog of updated values for the CLANS field in Table 2 . We ordered the sources by increasing right ascension and labeled each with the same source number (col [1]) as in Trouille et al. (2008) . CLANS #761 through #789 were inadvertently not included in the original Trouille et al. (2008) Columns (2) and (3) give the right ascension and declination coordinates. Columns (4) and (5) list the net counts in the 0.5 − 2 keV and 2 − 8 keV bands. Columns (6), (7), and (8) provide the X-ray fluxes in the 0.5 − 2 keV, 2 − 8 keV, and 0.5 − 8 keV bands, respectively, in units of 10 −15 erg cm −2 s −1 . The errors quoted are the 1 σ Poisson errors, using the approximations from Gehrels (1986) . The flux errors do not include the uncertainty in the flux conversion factor; however, the errors are generally dominated by the Poisson errors. Column (9) gives the spectroscopic redshifts and column (10) gives the optical spectral classifications.
For f 2−8 keV > 1.4 × 10 −14 erg cm −2 s −1 (the break flux in the 2 − 8 keV number counts; see Trouille et al. 2008) , we have spectroscopic redshifts for 177 of the 208 sources in our 2−8 keV sample. We classified our spectroscopically identified sources into the four optical spectral types given in the Introduction. We list the number of sources of each spectral type by field in Table 3 . The percentages refer to the percent of identified sources having that spectral type.
In Figure 1 we show the flux distributions by field and all together for the BLAGNs (black), the non-BLAGNs (shaded), the spectroscopically observed but unidentified sources (hatched), and the spectroscopically unobserved sources (open) in our 2 − 8 keV sample. The higher spectroscopic completeness at bright X-ray fluxes is partly due to the fact that at these fluxes the sample is dominated by BLAGNs, which are straightforward to identify. In addition, at fainter X-ray fluxes the sources tend to be optically fainter, making the redshift identifications at these fluxes more difficult. In particular, the intermediate-flux, optically normal galaxies at z ∼ 2 are the most difficult to identify spectroscopically.
In Figure 2 we show R magnitude versus X-ray flux for our 2−8 keV sample. AGNs typically lie in the region defined by the loci log(f X /f R ) = ±1 (e.g., Maccacaro et al. 1988; Schmidt et al. 1998; Hornschemeier et al. 2001; Alexander et al. 2002; Bauer et al. 2002; Barger et al. 2003) . As expected, the majority of our spectroscopically observed but unidentified sources (black circles) have faint optical magnitudes (> 70% have R > 24). In obtaining our spectroscopy, we selected the sources without any regard to their optical magnitudes in order to avoid additional selection effects. This is evident from the figure, where the spectroscopically unobserved sources (yellow circles) cover the entire range of optical magnitudes. We will not show these sources in our subsequent figures nor use them in our subsequent analysis, as they can be considered a random sample of the population and will not affect our results. Thus, in Figure 3 we show the fraction of spectroscopically observed sources in our 2 − 8 keV sample that are spectroscopically identified versus X-ray flux. In Trouille et al. (2008) we extended the redshift information for the three fields by determining photometric redshifts. The CLANS field has eight bands of coverage (g ′ , r ′ , i ′ , z ′ , J, H, K, 3.6 µm), the CLASXS field has 11 bands of coverage (u, B, g ′ , V , R, i ′ , z ′ , J, H, K, 3.6 µm), and the CDF-N field has 10 bands of coverage (U , B, V , R, I, z ′ , J, H, K s , 3.6 µm). We used the template-fitting method described in Wang et al. (2006, and references therein) . We built our training set of spectral energy distributions (SEDs) using the spectroscopically identified sources in our sample. We then determined the photometric redshifts by finding the best fit (via least-squares minimization) between our individual source SEDs (using the optical through infrared data) and these templates. We include the number of photometric redshifts for the spectroscopically observed but unidentified sources obtained in this way as an entry in Table 3 .
In Figure 4 we show the redshift distributions for our spectroscopically observed 2 − 8 keV sample by optical spectral type (all, BLAGN, non-BLAGN). The shaded areas show the spectroscopically identified distributions, while the solid line in (a) shows the spectroscopically plus photometrically identified distribution. The non-BLAGN redshift distribution is strongly peaked at z ∼ 0.9. In Figure 5 we show the Γ eff distributions for the spectroscopically observed sources in our 2 − 8 keV sample by optical spectral type (BLAGN, HEX, ABS+SF, unidentified). For the CLANS sources we used the Γ eff values given in Trouille et al. (2008) , and for the CDF-N sources we used the Γ eff values given in Alexander et al. (2003) . To determine the Γ eff values for the CLASXS sources we followed the method used by Trouille et al. (2008) . In short, from the HRs given in Yang et al. (2004) and using XSPEC, we determined the HR-to-Γ eff conversion by assuming a single power law spectrum with Galactic absorption.
We see from Figure 5 that there is substantial overlap in the Γ eff distributions for the BLAGNs and the non-BLAGNs. We also note that the spectroscopically unidentified sources have a Γ eff distribution which is very similar to the HEX and ABS+SF sources.
The dashed curve in Figure 5 (a) shows the gaussian fit to the Γ eff distribution for the BLAGNs. We find that the BLAGNs are clustered around Γ eff = 1.63 with a dispersion σ = 0.28. Mushotzky (1984) was the first to note this narrow range in photon indices. The vertical line at Γ eff = 1.2 indicates the value above which 80% of the BLAGNs reside. As noted in the Introduction, Γ eff = 1.2 is approximately equivalent to HR = −0.2, which is the value Szokoly et al. (2004) chose to use to distinguish between X-ray type 1 (unabsorbed) sources and X-ray type 2 (absorbed) sources.
Optically Unobscured but X-ray Absorbed
As is well known (see references in the Introduction), despite the generally good agreement between the two classification schemes regarding which sources are unabsorbed, the agreement is not 100%. There are BLAGNs whose X-ray spectral properties suggest substantial absorption. In our spectroscopically observed 2 − 8 keV sample, we find that 20%±3% of the 207
BLAGNs have Γ eff < 1.2. The leftward pointing arrow in Figure 5 (a) calls attention to these BLAGNs with low values of Γ eff , all of which have at least one emission line with FWHM > 2000 km s −1 . The optical spectra of these sources do not appear to share any common characteristics, nor do they appear any different than the spectra for our BLAGNs with Γ eff ≥ 1.2. Only one of these sources (CLASXS #174) has less than 10 counts at 0.5 − 8 keV and may suffer from contamination by uncleared afterglow events (see http://asc.harvard.edu/ciao/why/afterglow.html). Kuraszkiewicz et al. (2009a,b ) studied a sample of red AGNs that they selected from the Two Micron All Sky Survey (2MASS) on the basis of their red J −K s colors (> 2 mag) and then followed up with Chandra. 85% of their J − K > 2 sample show broad-lines, and the remainder are narrow-line AGNs. Through detailed modeling they found that the shape of the SEDs for these sources was generally consistent with modest absorption by gas (in X-rays) and dust (in the optical/NIR). Using principal component analysis, they argue that the Eddington ratio (and not absorption by the circumnuclear material or the host galaxy) is the dominant factor in determining the shape of the SED.
We can use our color information to look for color differences between our X-ray absorbed and X-ray unabsorbed BLAGNs to test for extinction associated with low Γ eff values (assumming the low Γ eff value is due to absorption by gas along the line-of-sight). In Figure 6 we show I − J versus J − K for the BLAGNs in our spectroscopically observed 2 − 8 keV sample. To avoid K−correction effects in the comparison, we divide our sample by redshift. In each redshift interval we see no significant differences in the color distributions of the Γ eff < 1.2 and Γ eff ≥ 1.2 BLAGNs. This provides support for the suggestion that there is not a one-to-one correspondence between Γ eff and extinction (Cowie et al. 2009 ; see also Maiolino et al. 2001 and Kuraszkiewicz et al. 2009b ).
Optically Obscured but X-ray Unabsorbed
As is also well known (see references in the Introduction), there are a number of sources whose optical spectra do not show broad lines, suggesting obscuration, while their X-ray spectral properties suggest little absorption. In our spectroscopically observed 2 − 8 keV sample, 33%±4% of the 255 non-BLAGNs have Γ eff ≥ 1.2. The rightward pointing arrows in Figures 5(b) , (c), and (d) call attention to these non-BLAGNs with high values of Γ eff . The optical spectra for these sources do not appear to share any common characteristics, nor do they appear any different than the spectra for our non-BLAGNs with Γ eff < 1.2. All of these sources have more than 10 counts at 0.5 − 8 keV.
We may look at the most extreme examples of conflicting optical and X-ray information by considering the 22 non-BLAGNs with Γ eff ≥ 1.7. Considering in detail the optical spectra of the individual non-BLAGNs in our 2 − 8 keV sample having Γ eff ≥ 1.7, we find that all have spectra covering at least one of the potentially broadened emission lines (i.e., Hα, Hβ, Hγ, MgII, Lyα, and CIV). All but two of the HEX sources exhibit FWHM < 1500 km s −1 (CDF-N #301 and CDF-N #331 exhibit 1500 < FWHM < 1900 km s −1 ). Moreover, Fig. 6 .-I − J vs. J − K for the BLAGNs in our spectroscopically observed 2 − 8 keV sample in the redshift intervals (a) 0 < z < 1, (b) 1 < z < 2, and (c) 2 < z < 3. BLAGNs with Γ ≥ 1.2 are shown in red, while BLAGNs with Γ < 1.2 are shown in black. Sources undetected in two or more of the three bands are not shown. Sources with leftward pointing arrows were not detected above the limiting magnitude in the K band of their respective field. The source in (c) with a rightward pointing arrow and a downward pointing arrow was not detected above the limiting magnitude in the J band of the CLANS field (CLANS #301).
all of the optically spectroscopically identified absorbers can be confidently classified as non-BLAGNs, as can all but one of the star formers (CLANS #71 lacks sufficient signal-to-noise at the wavelengths of the potentially broadened emission lines covered by its spectrum).
Γ eff versus X-ray Luminosity
In Section 4.1 we found that while 80% ± 6% of the BLAGNs in our sample have Γ eff ≥ 1.2, 33% ± 4% of our non-BLAGNs also have Γ eff ≥ 1.2. We now expand our spectroscopically observed 2 − 8 keV sample to include ASCA large-area, bright-flux data (hereafter, we refer to this larger sample as our "extended spectroscopically observed 2 − 8 keV sample"). These additional data are needed to have a sufficiently large volume at the highluminosity, low-redshift end.
We use the optical spectral classifications, redshifts, X-ray luminosities, and Γ eff values from 75 optically identified AMSSn AGNs) and Akiyama et al. (2000; 30 optically identified ALSS AGNs). We converted their 2 − 10 keV luminosities into rest-frame 2 − 8 keV luminosities using
and the Γ eff for each source. L 2−8 keV is on average ≈ 90% of L 2−10 keV . We calculated the rest-frame 2−8 keV luminosities for our three OPTX fields using
Assuming an intrinsic Γ = 1.8, we used for z < 3, K−corr = (1 + z) −0.2 and f = f 2−8 keV ,
and f = f 0.5−2 keV .
The 1 4 factor in the z ≥ 3 K−correction is a result of normalizing so that there is no K−correction when z = 3, at which point observed-frame 0.5 − 2 keV corresponds exactly to rest-frame 2 − 8 keV.
In Figure 7 (upper panel) we plot Γ eff versus rest-frame 2 − 8 keV luminosity for our extended spectroscopically observed 2 − 8 keV sample, and in Figure 7 (lower panel) we plot Γ eff versus rest-frame 2 − 8 keV luminosity. According to Hasinger et al. (2005) 's mixed classification scheme described in the Introduction, any source above the dashed horizontal line (Γ eff = 1.2) would be considered unabsorbed, and any source below (other than optically classified BLAGNs) would be considered absorbed. (Of course, to be able to exclude the BLAGNs that lie below the line from the absorbed category-or to be able to include them in the unabsorbed category-requires high optical spectroscopic completeness.) We can see that their method picks up most of its 'new' (above the line) unabsorbed sources (as compared with what would be found from a pure optical classification scheme) at lower X-ray luminosities. However, it also picks up a large number of HEX sources at higher X-ray luminosities. Since we do not yet have a good understanding of how the X-ray and optical classification schemes relate to the obscuration of the central engine, mixing the two classification schemes in this manner can only complicate the interpretation, and we strongly advise against it.
From Figure 7 (upper panel) we see the well-known luminosity dependence of the optical spectral types, with the BLAGNs dominating the numbers at high X-ray luminosities (Lawrence & Elvis 1982; Steffen et al. 2003; Ueda et al. 2003; Barger et al. 2005; La Franca et al. 2005; Simpson 2005; Akylas et al. 2006; Beckmann et al. 2006; Sazonov et al. 2007; Della Ceca et al. 2008; Hasinger 2008; Silverman et al. 2008; Winter et al. 2009; Yencho et al. 2009 ). From Figure 7 (lower panel) we see there is also a luminosity dependence of the effective X-ray photon index, with Γ eff rising from ∼ 1 at L X = 10 42 erg s −1 to ∼ 1.5 at L X = 10 45 erg s −1 . In Figure 8 we divide Figure 7 into three redshift intervals: (a) z = 0.1 − 0.5, (b) z = 0.5 − 0.1, and (c) z = 1 − 3. Although the distributions in the upper panels of the figure look the same for each redshift interval, we can see that the transition luminosity from X-ray soft (Γ eff ≥ 1.2) dominated to X-ray hard dominated (or from BLAGN dominated to non-BLAGN dominated) is shifting to higher luminosities with increasing redshift interval. This redshift dependence of the transition luminosity was first noted by Barger et al. (2005; see their Figure 19 ) from the luminosity functions.
In the lower panels of Figure 8 we see that for the two lower redshift intervals there is a dominance of the X-ray soft sources at higher luminosities and a decreasing influence of these sources at lower luminosities, as previously noted from Figure 7 . However, in the z = 1 − 3 interval we instead see a continued dominance of the soft sources at lower luminosities. This is in part due to the fact that at higher redshifts the 2 − 8 keV band samples higher en- ergies, and these higher energies are less affected by obscuring material (see Kim et al. 2007 for modeling of this effect). Thus, a higher percentage of z > 1 non-BLAGNs are X-ray soft (have high Γ eff ) compared with those at z < 1, as Szokoly et al. (2004) cautioned when they were defining their X-ray classification scheme (see Introduction) . This emphasizes the danger in using the highly redshift-dependent hardness ratio for classifying sources as absorbed or unabsorbed, as is done in both the pure X-ray classification and mixed classification schemes.
In Table 4 we give the percentages of high-excitation sources, star formers, and absorbers with z < 1 and 1 < z < 3 in our extended spectroscopically observed 2−8 keV sample with Γ eff ≥ 1.2, Γ eff ≥ 1.5, and Γ eff ≥ 1.7. The non-BLAGNs in the 1 < z < 3 redshift interval exhibit a higher percentage of X-ray soft sources than the z < 1 redshift interval (the exception being the absorbers, which suffer from small numbers in the z = 1 − 3 interval).
DISCUSSION
Using our large spectroscopically observed 2 − 8 keV sample with > 80% spectroscopic completeness for f 2−8 keV > 10 −14 erg cm −2 s −1 and > 60% spectroscopic completeness down to our chosen flux limit of f 2−8 keV = 3.5 × 10 −15 erg cm −2 s −1 , we have confirmed that there is considerable overlap of the X-ray spectral properties for different optical spectral types. For example, although 80%±6% of the BLAGNs in our sample have Γ eff ≥ 1.2, so do 36%±6% of our HEX sources and 30%±5% of our absorbers and star formers. (Of course, this also means that 20%±3% of the BLAGNs in our sample have Γ eff < 1.2.) Even considering a more extreme X-ray softness cut-off, we still find that 12%±3% of the HEX sources and 6%±2% of the absorbers and star formers in our sample have Γ eff ≥ 1.7. A number of authors have suggested possible ways to account for this overlap through observational problems. In this section we briefly consider these and conclude that they are not major contributors to the overlap.
X-ray spectral variability has been suggested as a possible explanation for mismatches between X-ray and optical classifications of AGNs (Paolillo et al. 2004 ). Since the X-ray and optical observations of the sources in our sample were not obtained simultaneously, we need to consider this possibility. Yang et al. (2004) . In both sets of panels the symbols are the same as in Figure 7. a period of days to a year, depending on the location of the source. The change in spectral slope for 20% of these sources was sufficient to transform the X-ray spectral type from X-ray soft (Γ eff ≥ 1.2) to X-ray hard (Γ eff < 1.2) or vice-versa. However, of the 60 sources tested for variability, only two are BLAGNs (CLASXS #293 and CLASXS #397), and neither of these exhibits sufficient spectral variability to change its X-ray spectral type. Of the 58 other sources tested for variability, two fall within our sample of non-BLAGNs with Γ eff ≥ 1.2 (CLASXS #286 and CLASXS #199). CLASXS #286 does not exhibit sufficient spectral variability to change its X-ray spectral type, while CLASXS #199 does. We therefore conclude that while X-ray spectral variability does seem to be able to account for some of the X-ray unabsorbed (Γ eff ≥ 1.2), optically obscured (non-BLAGN) sources, it is unlikely that it can account for the majority. Silverman et al. (2005) argued that the broad emission lines for their X-ray unabsorbed, optically obscured sources were redshifted out of their optical spectral window. However, of the 84 X-ray unabsorbed, optically obscured sources in our spectroscopically observed 2−8 keV sample, all but one have at least one of the potentially broadened emission lines (Hα, Hβ, MgII, Lyα, or CIV) measurable within the spectral window. Thus, this explanation also cannot account for the majority of our X-ray unabsorbed, optically obscured sources. Moran et al. (2002) suggested that the light from the host galaxy may dilute the AGN signal. They found that 60% of their sample of local Seyfert 2s (i.e., HEX sources) would be classified as optically normal (i.e., as absorbers or star formers) if only the total emission were available (as would be the case for observations of high-redshift galaxies; see also Cardamone et al. 2007) . Following this suggestion, Severgnini et al. (2003) , Hasinger et al. (2005) , and Garcet et al. (2007) posited that the absorbers and star formers in their sample were BLAGNs (rather than HEX sources) whose light was being diluted by the host galaxy light. However, the only possible evidence for this comes from one of the two sources in Severgnini et al. (2003) . Severgnini et al. (2003) obtained improved optical spectroscopic observations of two X-ray unabsorbed, optically normal galaxies. Previous optical spectra for these sources did not cover the Hα line. As a result of the higher signal-to-noise and optimal wavelength coverage of new optical spectra they obtained, they found that the two X-ray unabsorbed sources exhibited strong and (possibly) broad Hα. They then simulated the effect of placing each source at a higher redshift using a template spectrum with both an AGN and a host galaxy component and concluded that for one of the sources, if it had instead been at z > 0.2, the Hα line would not have been visible due to dilution by the host galaxy light.
We stress that no evidence was presented by either Hasinger et al. (2005) or Garcet et al. (2007) to show that their optically normal sources were diluted BLAGNs rather than diluted HEX sources. Furthermore, as discussed in the Introduction, Cowie et al. (2009) found that the non-BLAGNs in our OPTX sample with 0.9 < z < 1.4 are UV faint (as opposed to the BLAGNs, which are UV bright), indicating that we are not misclassifying as non-BLAGNs sources that are really BLAGNs. Similarly, Barger et al. (2005) argued against misclassification being a problem based on the weakness of the UV nuclei in the non-BLAGNs relative to their X-ray light. Thus, host galaxy dilution does not appear to be the explanation for the X-ray unabsorbed, optically normal sources in our sample.
Moreover, it does not seem likely that host galaxy dilution could cause BLAGNs to appear as HEX sources (i.e., wash out the broad lines while still allowing the narrow lines to be observed). The composite UV-optical spectrum for the sample of AGNs and quasars in the Large Bright Quasar Survey revealed that the equivalent widths of the broad lines is significantly greater than that of the narrow lines (Francis et al. 1991) . In fact, in luminous QSOs there are often no narrow lines at all (Zheng et al. 1997) . Thus, host galaxy dilution also does not appear to be the explanation for the X-ray unabsorbed, HEX sources in our sample.
CONCLUSIONS
We find that the observational problems discussed in Section 5 cannot explain most of the overlap that we see in the X-ray spectral properties for different optical spectral types. Until a better understanding is reached for how the X-ray and optical classifications relate to the obscuration of the central engine, the use of a mixed classification scheme can only complicate the interpretation of X-ray AGN samples. As a case in point, Cowie et al. (2009) found that a number of the BLAGNs in our OPTX sample have high ratios of ionizing flux to X-ray flux yet low values of Γ eff . This suggests that there is not a one-to-one correspondence between the X-ray photon index and the opacity of the source, since any substantial neutral hydrogen opacity (N H > 3 × 10 17 cm −2 ) would absorb the ionizing flux, as Cowie et al. (2009) observed for the OPTX non-BLAGNs. Finally, we emphasize that any classification scheme which uses X-ray hardness ratio or, equivalently, effective photon index will be highly redshift dependent, which can introduce serious redshift bias. On the basis of this study, we advocate the adoption of a pure optical classification scheme for studying AGN with low signal-to-noise X-ray spectra. However if high quality X-ray spectra are available, they form an equally valid method of categorizing the objects (e.g. Winter et al. 2009 ).
